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0 Display device using scan velocity modulation. 
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0 To improve pictures to be displayed on a dis- 
play screen of a display device, it is known to use 
scan velocity nnodulation. In scan velocity modula- 
tion the (horizontal) deflection rate of the electron 
beam(s) is modulated with the luminance component 
of the video signal. As a result of scan velocity 
modulation the information of the video signal will no 
longer be displayed at the correct position on the 
display screen. By using the modulation signal ap- 
plied to the scan velocity modulator also for modu- 
lating the (read) clock rate of the video signal from 
the memory, it can be ensured that the video signal 
and the (modulated) deflection signal are always in 
synchronism with each other. 
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@ To improve pictures to be displayed on a dis- 
play screen of a display device, it Is known to use 
scan velocity modulation. In scan velocity modula- 
tion the (horizontal) deflection rate of the electron 
beam(s) is modulated with the luminance component 
of the video signal. As a result of scan velocity 
modulation the Information of the video signal will no 
longer be displayed at the correct position on the 
display screen. By using the modulation signal ap- 
plied to the scan velocity modulator also for modu- 
lating the (read) clock rate of the video signal from 
the memory, it can be ensured that the video signal 
and the (modulated) deflection signal are always in 
synchronism with each other. 
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The invention relates to a display device for 
displaying a video signal on a display screen of a 
display tube comprising at least one control elec- 
trode and deflection coils for deflecting at least one 
electron beam current, said display device further 
having an Input for receiving the video signal, 
means for determining a derivative of a luminance 
component of the video signal, a scan velocity 
modulator for modulating the deflection rate of the 
electron beam current in the display tube in depen- 
dence upon the determined derivative, a position 
error correction circuit for correcting the video sig- 
nal in dependence upon the derivative of the lu- 
■ minance component of the video signal, and means 
for applying the corrected video signal to the con- 
trol electrode of the display tube. 

A display device of this type is known from 
United States Patent US-A 4,183,064. In this known 
display device the position error is corrected by 
enlarging the portion of a display line having a 
higher luminance with respect to a portion having a 
smaller luminance and by subsequently applying 
scan velocity modulation (so as to obtain an im- 
proved definition) at which the dark/light transition 
is delayed and the light/dark transition is brought 
foPAfard. As a result, the picture to be displayed is 
displayed with the original picture contents (the 
same quantity of light and dark portions as in the 
original video signal). In this solution a second error 
(enlarging the light portions) is deliberately intro- 
duced to correct the first error (reducing the light 
portions as a result of scan velocity modulation). 
This is not an ideal solution because two errors 
must compensate each other in this case. Correct- 
ing a non-linear error by means of a linear system 
is not very well possible. The drawback is that the 
position error cannot be satisfactorily corrected in 
this way. At a less sharp transition from light to 
dark (or conversely) the second error will be too 
large so that it will overcompensate the first error, 
whereas with a very sharp transition the second 
error is too small so that the first error Is not fully 
compensated. A further drawback is that it is not 
easy to enlarge the portions of the video signal 
having a higher luminance/brightness. Moreover, 
by enlarging the light portion, the beam current is 
Increased so that the definition is adversely influ- 
enced due to spot growth. 

To give pictures a better (impression of) sharp- 
ness, manufacturers focus on improvements of the 
display tube, inter alia by providing an improved 
phosphor layer and by improving the electron 
gun/guns. Moreover, scan velocity modulation of 
the electron beam deflection is used in a display 
tube (as is described, for example in the above- 
mentioned United States Patent). In this method 
the scan velocity (deflection rate) is adapted to the 
picture contents, notably to brightness variations. In 



scan velocity modulation the derivative of the lu- 
minance component of the video signal is deter- 
mined. Generally, the second derivative of the lu- 
minance component is used, which second deriva- 
6 tlve is applied to a voltage amplifier, an output of 
which applies a voltage to, for example a scan 
velocity modulation coil. If a voltage-controlled cur- 
rent source is used instead of the voltage amplifier, 
the first derivative of the luminance component is 
70 taken. Actually, the scan velocity modulation coil is 
then the second differentiator. The scan velocity 
modulation is proportional to the second derivative 
of the voltage across the coil. By using scan ve- 
locity modulation, a position error is produced on 
15 the display screen (the video information rate is no 
longer synchronous with the scan velocity) at which 
a dark/light transition of the video signal is shifted 
to the right and a light/dark transition of the video 
signal is shifted to the left on the display screen. 
20 Consequently, portions of the video signal having a 
higher brightness/luminance are reduced with re- 
spect to portions of the video signal having a 
smaller light intensity. For example, when a plural- 
ity of successive squares (for example, a chess- 
25 board) is displayed, this effect can be clearly ob- 
served: larger (darker) and smaller (lighter) squares 
instead of squares all having the same size. 

It is, inter alia an object of the invention to 
eliminate the above-mentioned drawbacks. To this 
30 end the display device according to the invention is 
characterized in that the position error correction 
circuit comprises a frequency-modulatable clock 
which is coupled to the means for determining the 
derivative of the luminance component of the video 
36 signal for frequency-modulating the read clock rate 
of the video signal stored In a memory. 

By modulating (varying) the clock rate at which 
the video information is written or read, the position 
error caused by scan velocity modulation can be 
40 corrected. The video signal is applied to the dis- 
play tube at the same information rate as the scan 
velocity. Here, a (position) enror which would arise 
due to scan velocity modulation is thus corrected 
Instead of making two errors which hopefully coun- 
ts teract each other and are equally large as de- 
scribed in said United States Patent. 

Literature describes all kinds of examples in 
which higher derivatives or combinations of dif- 
ferent derivatives for correcting the position error 
50 are used Instead of the first and second derivatives 
of the video signal for use In scan velocity modula- 
tion. However, this results In a full correction of the 
position error at most for given slopes of transitions 
from light to dark and vice versa, whereas the 
65 picture will only degrade in the case of other 
slopes. Moreover, this renders the scan velocity 
modulation circuit much more complicated and 
hence more expensive. The display device accord- 
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ing to the invention provides a solution which is 
completely different. This solution is that it is not 
attempted to correct the position error by means of 
the scan velocity modulation method (or by in- 
troducing a second error) but by modulating the s 
clock with which the video information and the 
deflection is maintained synchronous at all times, 
thus principally precluding a position error. 

The clock modulator is controlled by the same 
signal or by a corresponding signal with which the io 
scan velocity modulator is controlled. 

An embodiment of a display device according 
to the invention is characterized in that the display 
device further comprises a beam current modulator 
for modulating the electron beam current in depen- 75 
dence upon the determined derivative of the video 
signal. By using beam current modulation, bright- 
ness modulations occurring as undershoots and 
overshoots which may be produced by scan ve- 
locity modulation can be prevented or in any case 20 
reduced. This provides the possibility of using scan 
velocity modulation at a larger amplitude without 
this being a hindrance to the user of the display 
device, while a better picture sharpness is ob- 
tained. A larger amplitude of the scan velocity 25 
modulation results in a larger position error, which 
position error can be simply corrected again by 
means of the clock modulation. 

A further embodiment of a display device ac- 
cording to the invention is characterized In that the 30 
display device also comprises an aperture correc- 
tion circuit for correcting the luminance component 
of the video signal. By combining the scan velocity 
modulation with an aperture correction, a picture 
which is even sharper is obtained. At small or less 35 
steep jumps in the beam currents the scan velocity 
modulation does not yield considerable improve- 
ments of the picture sharpness, whereas the op- 
posite is true for aperture correction. By combining 
scan velocity modulation with an aperture correc- 4o 
tion, the sharpness of the picture can also be 
improved at these beam currents. 

These and other aspects of the invention will 
be apparent from and elucidated with reference to 
the embodiments described hereinafter. 45 

In the drawings 

Figure 1 shows a first embodiment of a display 
device according to the invention; 
Figure 2 shows an example of luminance vari- 
ation of a video signal after scan velocity modu- 50 
lation; 

Figure 3 shows a second embodiment of a 
display device according to the invention; 
Figure 4 shows an example of beam current 
variation in the case of aperture correction; and 55 
Figure 5 shows an example of a display device 
according to the invention in which scan velocity 
modulation is combined with aperture correction. 



Figure 1 shows an embodiment of a display 
device W having inputs 1, 2 and 3 which receive a 
luminance component Y and chrominance compo- 
nents U and V, respectively, of a video signal. An 
input 4 of the display device receives a synchroniz- 
ing signal sync. The luminance component Y of the 
video signal is applied to a memory 6 in which the 
luminance component is stored under the control of 
a clock signal generated in a clock generator 8. 
The memory is also used for an adapted delay 
until the relevant signals are satisfactorily timed. 
The clock generator 8 will generally be controlled 
by the synchronizing signal sync. The second de- 
rivative of the luminance component stored in the 
memory 6 is determined by a differentiator 10. 
Instead of a differentiator, one or two delay ele- 
ments (for example, combined with the memory) 
may alternatively be used for determining the sec- 
ond derivative. 

As is known, the second derivative of the lumi- 
nance component Y is necessary for generating 
scan velocity modulation. This second derivative is 
applied to a scan velocity modulator 12 which 
controls (for example) a modulation coil Lsvm for 
generating the scan velocity modulation of electron 
beam currents deflected in a display tube 14 for 
displaying the video signal on a display screen 15. 
As is common practice, the display tube is further 
provided with a line deflection coil Lx and a field 
deflection coil Ly. These coils are controlled in 
known manner by line and field deflection circuits 
(not shown). 

The second derivative is also applied to a 
modulatable clock 16. The clock 16 may be coup- 
led to, for example the clock generator 8. The 
luminance component Y of the video signal is also 
applied to a second memory 18. The chrominance 
components (U, V) of the video signal are applied 
to a third memory 20 and a fourth memory 22, 
respectively. All the memories 18, 20 and 22 are 
controlled by the clock generator 8 for writing the 
components Y, U and V of the video signal into the 
memories (for example, under the control of the 
synchronizing signal) and for reading the compo- 
nents of the video signal from the memories under 
the control of the modulatable clock 16. The re- 
spective components of the video signals are 
therefore read In a modulated form from the re- 
spective memories. By modulating the modulatable 
clock 16 with the second derivative of the lu- 
minance component of the video signal, the clock 
signal undergoes the same variation as the electron 
beam in the display tube 14. The information rate 
can be modulated by modulating the clock. The 
video signal undergoes the same variation as the 
deflection of the electron beam current/currents in 
the display tube by reading the components Y, U 
and V of the video signal from the memories 18, 20 
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and 22 under the control of this modulated clock 
signal. Consequently, the deflection signals (which 
determine the position on the display screen) and 
the video signal are always synchronous so that, in 
principle, there will be no position error. The 
modulatable clock 16 and the memories 18. 20 and 
22 form part of a position error correction circuit 34 
which con'ects the position error on the screen (at 
transitions between portions having a lower and a 
higher luminance), which error is caused by scan 
velocity modulation. 

Subsequently, the three components of the video 
signal are applied to a display tube control circuit 
24. YUV signals are converted into RGB signals in 
the display tube control circuit, which RGB signals 
are applied to the (three respective) control 
electrode(s) (C). for example three electron guns of 
the display tube 14. If desired, a transition in lu- 
minance may be further intensified in the display 
tube control circuit by rendering, for example a 
less sharp transition even sharper (at a constant 
beam current the luminance is inversely propor- 
tional to the scan velocity). 

As is known, a dark/light transition results in 
undershoots and overshoots in the displayed video 
signal when applying scan velocity modulation. 
This is understood to mean that at a dark/light 
transition the luminance is decreased during a first 
part of the transition (lower than before the transi- 
tion) and is increased during a last part of the 
transition (higher than after the transition). Figure 2 
shows this effect, with the position on the display 
screen being plotted on the horizontal axis and the 
luminance of the video signal being plotted on the 
vertical axis. Figure 2 also shows in broken lines 
the luminance transition without scan velocity mod- 
ulation. Due to this undershoot and overshoot the 
Impression of sharpness of the displayed video 
signal is intensified. However, a too large under- 
shoot and/or overshoot is observed by the user as 
troublesome reflections and thereby detracts from 
the improved sharpness. The undershoots and 
overshoots are eliminated or at least reduced in 
luminance by using beam current modulation at a 
luminance transition of the video signal at which 
the beam current is increased during the first part 
of the transition and is decreased during the sec- 
ond part of the transition. This provides the pos- 
sibility of using scan velocity modulation at a larger 
amplitude without producing effects which are trou- 
blesome to the user. This results in an even sharp- 
er display of the picture and also in a larger posi- 
tion error (which can, however, be simply corrected 
by means of clock modulation). An additional ad- 
vantage of beam current modulation is that the 
beam current on the display screen is reduced 
during the second half of a rising edge (dark/light 
transition). This reduces the spot on the display 



screen so that the sharpness will further increase. 

The embodiment of Figure 1 shows a beam 
current modulator 26 in broken lines, which beam 
current modulator, similarly as the scan velocity 
5 modulator 12 and the modulatable clock 16. modu- 
lates the beam current under the control of the 
second derivative of the luminance component of 
the video signal. The beam current modulator ap- 
plies a modulation signal to the display tube control 
10 circuit 24, which circuit corrects the R, G and B 
signals (or the Y component) with reference to this 
modulation signal and applies the corrected signals 
to the control electrodes C of the display tube 14. 
As described above, the amplitude of the scan 
75 velocity modulation can be increased without nega- 
tive effects by using the beam current modulator. 
However, this results in a larger position error, but 
since the (read) clocks of the Y, U and V compo- 
nents of the video signal are modulated, this larger 
20 error is also corrected. 

Figure 3 shows a second embodiment of a 
display device. Elements denoted by the same 
reference numerals as in Figure 1 have the same 
function. In this embodiment inputs 1, 2 and 3 of 
25 the display device receive R, G and 8 signals 
(from, for example a scart input). For the scan 
velocity modulation it Is necessary to determine the 
variation (derivative) of the luminance component 
of the video signal. In contrast to the embodiment 
30 shown in Figure 1, the luminance component is 
now not directly available. To obtain the luminance 
component, the R, G and B signals are applied to a 
converter circuit 28 for determining the luminance 
component Y. The converter circuit is controlled by 
35 the clock generator 8. This luminance component 
is subsequently applied to the memory 6 
whereafter the second derivative is determined in 
the differentiator 10. The R, G and B signals are 
also applied to the memories 18, 20 and 22, re- 
40 spectlvely (similarly as in Figure 1). Now again 
these signals are written under the control of the 
clock generator 8 and read under the control of the 
modulatable clock 16 which, similarly as in Figure 
1, again receives a signal which is a measure of 
45 the second derivative. 

The display tube control circuit 24' need not per- 
form the conversion YUV RGB in this case, 
because the R, G and B signals are applied there- 
to. This display device W may also be provided 
50 with a beam current modulator 26 which applies a 
modulation signal for the beam current to the dis- 
play tube control circuit. 

As described with reference to Figs. 1 , 2 and 3, 
the sharpness of a picture to be displayed can be 
55 improved by combining scan velocity modulation 
and clock modulation, and possibly beam current 
modulation. However, scan velocity modulation has 
a poor result at low mean beam currents and at 
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small luminance transitions. Another way of improv- 
ing the sharpness at small transitions in the lu- 
minance of the video signal of a picture to be 
displayed is the aperture correction (or spot size 
correction). At a large beam current the spot size is 
also (too) large. Edges (having a low Intensity) of 
the aperture (spot) cannot be prevented from being 
incident on adjacent pixels. The blur which is then 
produced can be corrected in the video signal. If 
due to the size of the spot the number of phos- 
phors luminescing on the display screen is larger 
than was intended, these adjacent phosphors are 
not excited by the correct beam current. This 
means that a given part of the Information will land 
on adjacent phosphors. One manner of correcting 
this is to reduce the video signal for a given pixel 
by a suitably chosen fraction of the video signal 
which Is associated with the adjacent pixels. These 
video signals can be obtained from the continuous 
video signal by means of delay lines. It is also 
possible to perform this operation on a digitized 
video signal. 

A correction signal Icor is derived from the original 
beam current I by means of, for example a single 
or a double delay. This correction signal is then 
subtracted from the original beam current, which 
yields the aperture-corrected beam current lapc. 
This is shown in Figure 4 for a dark/light transition. 
As is apparent from this Rgure, the beam current 
has an undershoot and an overshoot upon aperture 
correction. This is the reason why aperture correc- 
tion does not yield any improvement at a high 
mean beam current and/or large transients, where- 
as a larger beam current (overshoot) produces 
such a spot growth that the improvement of the 
aperture (spot) is completely eliminated. However, 
there Is an essential improvement at a low mean 
beam current. 

Figure 5 shows an embodiment of a display 
device W according to the invention in which scan 
velocity modulation is combined with aperture cor- 
rection in such a way that the aperture correction 
prevails at a low mean beam current and the scan 
velocity modulation prevails at a high mean beam 
current. Elements having the same function as in 
Figure 1 and/or 3 have the same reference nu- 
merals. The display device may also be provided 
with a beam current modulator 26. In this embodi- 
ment the luminance component Y of the video 
signal is not only applied to the memories 6 and 18 
but also to a comparison circuit 28. In this compari- 
son circuit the luminance component Y is com- 
pared with a reference value Yref. If the luminance 
component Y is smaller than the reference value, 
the comparison circuit will supply a control signal 
under whose control switches Si, S2, S3 and S4 
are put from the position shown in Figure 5 to the 
position not shown. In the shown position of the 



switches the display device operates in conformity 
with the embodiment as shown in Figure 1. In the 
position not shown the output of the differentiator 
10 is coupled to an aperture correction circuit 30 
5 via the switch SI . A second input of the aperture 
correction circuit receives, via the switch S3, the 
luminance component Y as stored in and read from 
the memory 18 (under the control of the clock 
generator 8, switch S2 in the positron not shown). 
70 The aperture correction circuit computes a cor- 
rected luminance component, which corrected 
component is applied to the display tube control 
circuit 24 via the switch S4. The display tube 
control circuit 24 converts, inter alia, the incoming 
75 (corrected) luminance component Y and the 
chrominance components U and V into the R. G, B 
signals to be applied to the display tube 14. The 
aperture correction circuit 30 may subtract, for ex- 
ample the second derivative of the luminance com- 
20 ponent from the luminance component so as to 
obtain a corrected luminance component. It is alter- 
natively possible for the aperture correction circuit 
30 to compute a corrected luminance component 
in a more complex manner. When the switches S1 , 

25 S2, S3 and S4 are in the position shown in Figure 
5, the output of the differentiator 10 is connected to 
the input of the scan velocity modulator 12. In 
dependence upon the second derivative of the lu- 
minance component, this scan velocity modulator 

30 applies a control signal to the modulation coil Lsvm 
for generating the scan velocity modulation. The 
output of the differentiator 10 is also connected to 
the modulatable clock 16 which, as described with 
reference to Figs. 1 and 3, supplies a modulated 

35 clock signal. This modulated clock signal is applied 
via the switch S2 to the memories 18. 20 and 22 
for reading the components Y, U and V of the 
video signal in a modulated form. The output of the 
memory 18 is connected to one of the inputs of the 

40 display tube control circuit 24 via the switch S3. In 
this state the aperture correction circuit 30 cannot 
apply an output signal to the display tube control 
circuit because the switch S4 is open. It will be 
evident that the corrections of the luminance com- 

45 ponent of the video signal by means of the ap- 
erture correction circuit 30 and the scan velocity 
modulator 12 may even better blend with each 
other, for example, by superimposing the two cor- 
rections. This can be realised, for example by 

60 superimposing the two circuits with a weighting 
factor dependent on the video signal instead of by 
switching between the two circuits, so that the two 
areas will easily blend with each other. 

The embodiments of a display device accord- 

55 ing to the invention are described with reference to 
colour display tubes. It will be evident that the 
invention may also be used in a display device 
having a monochrome display screen or in (com- 
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puter) monitors. In embodiments of digital televi- 
sion the delay elements required for computing the 
derivatives can be easily realised by means of 
modulatable clock signals, etc. 

Claims 

1. A display device (W) for displaying a video 
signal on a display screen (15) of a display 
tube (14) comprising at least one control elec- 
trode (C) and deflection coils (Lx, Ly) for de- 
flecting at least one electron beam current, 
said display device further having an input (1, 
2, 3) for receiving a video signal (R, G, B; Y, U, 
V). nieans (10) for determining a derivative of a 
luminance component of the video signal, a 
scan velocity modulator (12) for modulating the 
deflection rate of the electron beam current in 
the display tube in dependence upon the de- 
termined derivative, a position error correction 
circuit (34) for correcting the video signal in 
dependence upon the derivative of the lumi- 
nance component of the video signal, and 
means (24) for applying the corrected video 
signal to the control electrode of the display 
tube, characterized in that the position error 
correction circuit (34) comprises a frequency- 
modulatable clock (16) which is coupled to the 
means for determining the derivative of the 
luminance component of the video signal for 
frequency-modulating the read clock rate of 
the video signal stored in a memory (18, 20, 
22). 

2. A display device as claimed in Claim 1, char- 
acterized in that the means for determining the 
derivative of the luminance component of the 
video signal comprise a further memory (6) 
and a differentiator (10), which further memory 
writes the luminance component of the video 
signal under the control of a clock generator 
(8) and applies said component to the differen- 
tiator. 

3. A display device as claimed in Claim 2, char- 
acterized in that the output of the differentiator 
(10) is coupled to the scan velocity modulator 
(12) for supplying a modulation signal. 

4. A display device as claimed in Claim 2, char- 
acterized in that the first-mentioned memory 
(18, 20, 22) writes the video signal at a fixed 
write clock rate under the control of the clock 
generator (8). 

5. A display device as claimed in Claim 1, char- 
acterized in that the display device comprises 
a display tube control circuit (24) for receiving 



the modulated video signal read from the first- 
mentioned memory (18. 20, 22) and for apply- 
ing the video signal suitable for display to the 
control electrode(s) of the display tube. 

5 

6. A display device as claimed in Claim 1 , char- 
acterized in that the display device further 
comprises a beam current modulator (26) for 
modulating the electron beam current in de- 

10 pendence upon the determined derivative of 

the video signal. 

7. A display device as claimed in Claim 6, char- 
acterized In that the beam current modulator is 

15 coupled to the display tube control circuit for 

adapting the video signal in the display tube 
control circuit in dependence upon the output 
signal of the beam current modulator. 

20 8. A display device as claimed in Claim 1 , char- 
acterized in that the display device also com- 
prises an aperture correction circuit (30) for 
correcting the luminance component of the vid- 
eo signal in dependence upon the luminance 

25 component, the display device comprising a 

comparator for comparing the luminance com- 
ponent with a reference value and for aperture- 
correcting said component in dependence 
upon the output signal of the comparator. 

30 
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